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A B S T R A C T

Objective: To evaluate the efficacy of inhaled corticosteroids (ICS) in patients with asthma based on changes in sputum eosinophil 
counts, through a review of relevant randomized controlled trials (RCTs).
Methods: Studies were retrieved from MEDLINE, EMBASE, the SYSTEM FOR INFORMATION ON GREY LITERATURE, and the INSTITUTE 
FOR SCIENTIFIC INFORMATION from February 1, 2003 to February 1, 2013 based on a comprehensive search strategy. Articles were 
screened through two stages: title and abstract, and full-text screening. Inclusion criteria included: RCT-type study, asthma population, 
ICS intervention, and change in sputum eosinophils as an outcome. Exclusion criteria included: other therapies combined with ICS, al-
lergen challenge within intervention, and non-English studies. Following screening, data extraction, and quality appraisal, a descriptive 
synthesis of trials was conducted.
Results: The search strategy retrieved 447 articles, of which 66 underwent full-text screening, and of which 37 RCTs met the inclusion 
criteria. The included articles utilized the following types of ICS: budesonide, fluticasone propionate, ciclesonide, beclomethasone 
dipropionate, and mometasone. Of 46 intervention groups across the trials, 22 demonstrated a statistically significant (p < 0.05) reduc-
tion in sputum eosinophil counts.
Conclusion: There is insufficient evidence to suggest the superiority of one ICS treatment over another. Further research needs to be 
conducted to evaluate the relative impact of ICS products upon eosinophil counts, as well as clarify what measurable change in base-
line eosinophil counts is required to observe a change in symptom improvement and disease control.  

R É S U M É

Objectif: évaluer l’efficacité des corticostéroïdes inhalés (CSI) chez les patients souffrant d’asthme en fonction des changements dans 
les numérations d’éosinophiles des expectorations, par une revue d’essais contrôlés randomisés (ECR) pertinents.
Méthodes: Des études ont été récupérés à partir de MEDLINE, EMBASE, le SYSTEM FOR INFORMATION ON GREY LITERATURE, et 
l’INSTITUTE FOR SCIENTIFIC INFORMATION du 1er février 2003 au 1er février 2013, par le biais d’une stratégie de recherche exhaus-
tive. Les articles ont été examinés en deux étapes: par titre et résumé, et par consultation du texte intégral. Les critères d’inclusion 
incluent: une étude de type ECR, une population avec asthme, une intervention avec CSI, et un changement dans les éosinophiles 
d’expectorations en tant que résultat. Les critères d’exclusion incluent: d’autres thérapies combinées avec les CSI, une provocation aller-
génique durant l’intervention, et des études de langues autres que l’anglais. Après le dépistage, l’extraction de données et l’évaluation 
de la qualité, une synthèse descriptive des études a été menée.
Résultats: La stratégie de recherche a récupéré 447 articles, dont 66 ont subi un dépistage en texte intégral, et dont 37 ECR ont répon-
du aux critères d’inclusion. Les articles utilisés ont utilisé les types de CSI suivants: budésonide, propionate de fluticasone, ciclésonide, 
dipropionate de béclométhasone et mométasone. Parmi les 46 groupes d’intervention entre les études, 22 d’entre eux ont démontré 
une réduction statistiquement significative (p <0,05) des éosinophiles des expectorations.
Conclusion: Il n’existe pas suffisamment de preuves pour suggérer la supériorité d’un traitement par CSI par rapport à un autre. 
D’autres études doivent être menées pour évaluer l’impact relatif des produits de CSI sur le compte d’éosinophiles, ainsi que pour 
clarifier quel changement mesurable des éosinophiles de base est nécessaire pour observer un changement dans l’amélioration des 
symptômes et dans le contrôle de la maladie.

Keywords: Asthma; sputum eosinophils; inhaled corticosteroids; chronic disease 
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BACKGROUND 

Asthma is characterized by variable airflow limitation, which is 
detected by measurements of airway responsiveness such as spi-
rometry [1]. This pulmonary disease is also associated with air-
way inflammation, which is manifested by an increased number 
of eosinophils in the bronchial tissues and secretions [2]. Inhaled 
corticosteroids (ICS) are considered first-line anti-inflammatory 
therapy for asthmatic patients [3]. These ICS act to alter gene 
production involved in the inflammatory process, reducing the 
synthesis of inflammatory proteins and cytokines. Corticosteroid 
therapy has been shown to reduce the number of inflammatory 
cells and their inflammatory action, basement membrane thick-
ness and airway hyperresponsiveness [4].

The most comprehensive, non-invasive method of measuring the 
severity of airway inflammation is through induced sputum cell 
count analysis. Specifically, the sputum induction technique is 
common, and reported as reliable, and valid [5]. Moreover, spu-
tum eosinophilia, recognized as a trademark of asthma evalua-
tion, has been shown to predict the response to corticosteroid 
treatment.  Generally, sputum eosinophil counts decline within 
three to seven days following the initiation of ICS in the majority 
of patients requiring treatment [6]. As a result, induced sputum 
cell counts for management of asthma are more frequently used. 
Clinical studies have found that using ICS treatments to cause 
sputum eosinophil counts to fall within a normal range resulted 
in significant reductions in asthmatic exacerbations. Evidently, 
sputum cell count analysis can play a prominent role in optimiz-
ing the management of asthma in clinical practice [6].

The most recent reviews conducted by Rank et al. [7] and Gan 
et al.[8] both investigated the use of ICS in asthma and chronic 
obstructive pulmonary disease, respectively. However, there are 
gaps left by studies in the literature that this review will bridge. 
Specifically, there have not been any published systematic re-
views specifically investigating the effects of ICS on sputum eo-
sinophils in patients with asthma.

The primary goal of this review is to evaluate the efficacy of ICS 
in patients with asthma based on changes in sputum eosinophil 
counts through a review of relevant randomized controlled trials 
(RCTs) over the past 10 years. 

METHODS

Eligibility Criteria and Literature Search

The Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) guidelines were followed for this review, 
although our protocol was not registered [9]. Prior to article re-
trieval, a comprehensive search strategy was developed in con-
junction with a research librarian for the purpose of identifying 
all relevant studies. A search was conducted with the proposed 

strategy to identify randomized controlled trials (RCTs) involv-
ing patients with asthma, of any age, placed on an inhaled cor-
ticosteroid (ICS) intervention. RCTs including an ICS interven-
tion in combination with other concurrent treatments were not 
included, as the purpose of the review is to solely investigate 
the specific effect of ICS on asthma patients. Studies included in 
the review were also required to conduct sputum induction as 
a part of their procedure, and more specifically to report on the 
change in sputum eosinophil count pre- and post-intervention, 
as this was the main outcome of the primary objective of this 
study. Studies measuring the effect of ICS on patients with asth-
ma following an allergen challenge were excluded as the pres-
ence of the allergen challenge was a confounding factor to our 
outcome of interest, resulting in increased sputum eosinophils. 
Finally, non-English articles were excluded, as translators were 
not recruited for this project. In summary, inclusion criteria for 
the review included the following: RCT-type study, asthma popu-
lation, ICS intervention, and change in sputum eosinophils as an 
outcome. Moreover, exclusion criteria for the review included 
the following: other therapies combined with ICS, allergen chal-
lenge within intervention, and non-English studies.   

The review was conducted on English-language articles found 
through searches of MEDLINE, EMBASE, the SYSTEM FOR INFOR-
MATION ON GREY LITERATURE (SIGLE), and the INSTITUTE FOR 
SCIENTIFIC INFORMATION (ISI). The search was conducted from 
February 1, 2003 to February 1, 2013. Only RCTs conducted in 
the past 10 years were included in order to strictly investigate 
the most recent ICS interventions being used to treat patients 
with asthma. To ensure that a comprehensive search strategy 
was being used for these databases, several different variations 
of the strategy were tested to investigate any potential changes 
in the number of retrieved articles. The search strategies tested 
can be found in Supporting Information S1.

Study Selection

Following the removal of duplicate articles, two reviewers (MA & 
AA) independently evaluated the eligibility of all of the retrieved 
articles that resulted from executing the search strategy. A pi-
lot-tested screening form (found in Supporting Information S1) 
was developed for evaluating the retrieved studies. This form 
outlined the criteria that each article had to meet to move on 
to subsequent stages of screening, and finally, to data extrac-
tion. The first stage of screening conducted by the reviewers 
involved title and abstract review. Articles that moved forward 
to the next stage of screening either fulfilled all three criteria 
outlined, or did not present enough information in their title and 
abstract to be evaluated based on the screening form. The three 
criteria were the following: the study involves sputum induction 
and reports eosinophil count as an outcome; the study is an RCT 
with human subjects; and, the study investigates patients with 
asthma undergoing an ICS treatment. During the second stage 
of screening, the reviewers conducted a full-text review of the 
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articles that had passed the first level. Once again, each article 
was evaluated based on the criteria of the screening form. Ar-
ticles that met all three criteria moved forward to the data ex-
traction stage. Disagreement was resolved by consensus at each 
stage of screening. Chance-corrected pre-consensus agreement 
was measured at both the title and abstract as well as full text 
screening stages using the kappa statistic. Values of 0 to 0.20 rep-
resented slight agreement, 0.21 to 0.40 represented fair agree-
ment, 0.41 to 0.60 represented moderate agreement, 0.61 to 
0.80 represented substantial agreement, and greater than 0.80 
represented almost perfect agreement [10].

Data Extraction

Following screening, the two reviewers (MA & AA) independently 
used a standardized data extraction form (found in Supporting In-
formation S1). Information on the patient demographics for each 
article was extracted, including age, number of enrolled patients, 
gender ratio, asthma severity, and forced expiratory volume 
(FEV1) baseline measures. Moreover, the treatment regimen, 
consisting of dose and type of ICS used during the intervention, 
as well as the duration of treatment, was also identified for each 
article. Finally, information regarding the sputum induction pro-
cedure and sputum eosinophil measures was collected for each 
article. Disagreement between the two reviewers was resolved 
by consensus and consultation of a neutral third individual (MD 
& JJR) used in instances where both reviewers could not agree.

Assessment of the risk of bias

Two reviewers (MA & AA) independently assessed the risk of bias 
for each included study using the Cochrane Risk of Bias Tool [11]. 
Disagreement between the two reviewers was resolved by con-
sensus. Each article was evaluated based on risk of bias for the 
following criteria: sequence generation, allocation concealment, 
blinding, incomplete outcome data, selective outcome reporting, 
and other sources of bias. For a study that reported a low risk 
of bias for all the criteria, it was unlikely that any plausible bias 
would seriously alter the results. For a study that reported an un-
clear risk of bias for one or more of the criteria, any plausible bias 
would raise doubt about the results. For a study that reported a 
high risk of bias for one or more of the criteria, any plausible bias 
would seriously weaken confidence in the results [11].

RESULTS

The initial search conducted in MEDLINE, EMBASE, and ISI us-
ing the comprehensive search strategy produced 447 results. 
Following the removal of 90 duplicate articles, title and abstract 
screening was conducted for 357 unique citations. After this 
first stage of screening, 66 articles met the criteria for the next 
stage (estimated kappa = 0.84). Full-text screening was then con-
ducted on these remaining articles; 29 of the 66 articles were 
excluded [12-40]. Primary reasons for exclusion included: lack of 

randomization, combination of ICS with other treatments, the 
use of allergen challenge, and a lack of set treatment dose of 
patient cohorts. Two of the 29 articles were excluded because 
they were written in Chinese [13] and Japanese [33]. In total, 37 
articles met the inclusion criteria and went on to data extraction 
(estimated kappa = 0.85) [41-77].  Figure 1 illustrates the PRISMA 
flow diagram summary of the review process. No unpublished 
studies met the criteria for inclusion in this review. The 37 ar-
ticles were assessed for risk of bias [11], and six articles had a 
low risk of bias [43,57,70,75-77], 17 had an unclear risk of bias 
[42,46,47,52,53,55,56,58,61,63-66,69,71-73], and 14 had a high 
risk of bias [41,44,45,48-51,54,59,60,62,67,68,74]. Detailed re-
sults for the risk of bias assessment of each article can be found 
in Supporting Information S1. 
 
The included articles utilized the following types of ICS: 
budesonide, fluticasone propionate (FP), ciclesonide, beclo-
methasone dipropionate (BD), and mometasone.  Table 1 pro-
vides a summary of the number of reviewed studies according 
to ICS treatment. The results for each of the ICS are provided 
in Tables 2-6; the author, sample size, age, asthma severity, pre-
dicted FEV1% predicted at baseline, dose, duration, eosinophil 
count, and risk of bias is reported for each of the included stud-
ies. Table 2 provides a summary of budesonide studies [42-56], 
in which nine of 16 intervention groups demonstrated a statisti-
cally significant (p < 0.05) decrease in sputum eosinophil count 
[43-46,48,50,51,53,54]. Table 3 provides a summary of the FP 
studies [41,57-67], in which five of 14 intervention groups dem-

Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) flow diagram showing stages of systematic review of randomized 
controlled trials for effectiveness of inhaled corticosteroids on sputum eosino-
philia among asthmatic patients.



P a g e  4  |  U O J M  V o l u m e  5  |  M a y  2 0 1 5

Re v i e w  a n d  C l i n i ca l  P ra c t i c e

onstrated a statistically significant (p < 0.05) decrease in spu-
tum eosinophil count [58,62-65]. Table 4 provides a summary of 
ciclesonide studies [41,68-72], in which four of nine intervention 
groups demonstrated a statistically significant (p < 0.05) decrease 
in sputum eosinophil count. Table 5 provides a summary of BD 
studies [73-75], in which three of five intervention groups dem-
onstrated a statistically significant (p < 0.05) decrease in sputum 
eosinophil count. Table 6 provides a summary of mometasone 
studies [76,77], in which one of two intervention groups dem-
onstrated a statistically significant (p < 0.05) decrease in sputum 
eosinophil count [76]. 

DISCUSSION

This review is unique in that it is the first to investigate RCTs on 
asthmatic patients receiving ICS and reporting sputum eosino-
philia outcomes.  It reports on the status of efficacy of more re-
cent ICS treatments in the last 10 years. In evaluating the sig-
nificance of changes in sputum eosinophil counts, it is important 
to account for the baseline sputum eosinophil measures for all 
of these patient groups. There was considerable variation in the 
reductions in sputum eosinophilia within the same treatments 
and even under the same doses; this may be attributable to dif-
ferences in baseline patient sputum eosinophils. 

Eosinophilic asthma is characterized by a sputum eosinophil 
proportion greater than 2% [78], and we do not expect that ICS 
treatments would be effective in significantly reducing sputum 
eosinophilia in asthmatic patients that fall below this threshold, 
as this would be considered a non-pathological level. Since the 
baseline eosinophil count for each study is a mean of the treat-
ment group, we cannot say that any one set of patients consists 
completely of patients with eosinophilic asthma, or does not con-
tain any of them. However, the mean baseline value can be used 
as an indicator of what proportion of eosinophilic asthmatic pa-
tients we can expect in a treatment group. Ideally, we would see 
a significant reduction in sputum eosinophila in patient groups 
with higher baseline measures for an effective ICS treatment. On 
the other hand, we anticipate that the baseline values of non-
eosinophlic asthmatic patients remain stable for the same treat-
ment. It should be noted that even if the mean baseline sputum 

eosinophil values falls just above the 2% threshold, it may still 
contain a significant proportion of non-eosinophilic asthmatic 
patients. This may skew the results leading to a non-significant 
change in sputum eosinophilia.  

Of the 46 total intervention groups included in this review, 22 
demonstrated statistically significant decreases in sputum eosin-
ophils. Within these 22 treatment groups, 20 presented a mean 
baseline measure greater than the 2% eosinophilic asthma cut-
off, one presented a value below the 2% cut-off, and two groups 
did not report the mean baseline eosinophils. In contrast, the 
24 groups with a non-significant change in sputum eosinophils 
showed 16 of them to be above the 2% cut-off for eosinophilic 
asthma, six of them to be below the cut-off, and two without re-
ported mean baseline eosinophils. However, six of the 16 groups 
above the 2% cut-off were still fairly close to this threshold, re-
porting sputum eosinophil values below 3%. These results may 
indicate greater efficacy of ICS reduction of sputum eosinophils 
more specifically in the eosinophilic subset of asthma. Moreover, 
the treatment durations for four intervention groups in studies 
Gauvreau et al. [69] and Erin et al. [70] ranged from five to seven 
days each; these studies had the shortest treatment duration of 
all included RCTs in this review. This shorter treatment period 
may have contributed to the non-significant change in sputum 
eosinophils. Finally, the results of Menezes et al. [49] should be 
interpreted with caution, as there was a severe imbalance in the 
loss to follow-up between the two treatment groups; eight of 19 
patients were lost in one group, while only one of 13 patients 
were lost in the other group.

Limitations

There are several limitations to this review of the literature. First, 
due to heterogeneity in the doses, durations, and baseline spu-
tum eosinophil measures, the resulting changes in sputum eo-
sinophilia were not pooled in meta-analysis for the individual 
ICS treatments. Furthermore, another minor issue deterring the 
authors from pooling the results was a lack of reporting quanti-
tative changes in sputum eosinophilia. Also, study authors were 
not contacted for missing data.  Only English articles were includ-
ed, although only 2 non-English articles were identified during 
screening and would therefore be unlikely to significantly affect 
our conclusions.

Another limitation of this review is the method by which the ef-
ficacy of the drug was evaluated. For the purposes of this paper, 
an RCT that reported a statistically significant decrease in spu-
tum eosinophilia indicated that the ICS in question was effective. 
However, this statistical significance does not necessarily equate 
to clinical significance. That is to say, a small change in sputum 
eosinophilia may result in a statistically significant difference, but 
it may not be sufficiently beneficial to the patient to warrant a 
change in clinical practice. Ideally, a clinically significant thresh-
old of change from baseline eosinophil counts may be identified 

ICS Treatment Number of RCTs Reviewed
Budesonide42-56 15

FP57-67 11
Ciclesonide68-72 5

BD73-75 3
Mometasone76,77 2

FP or Ciclesonide41 1

* Statistically Significant (p < 0.05); NS – Not significant;
 ICS – Inhaled corticosteroids; RCT – Randomized controlled trial; 
FP – Fluticasone propionate; BD – Beclomethasone dipropionate

Table 1: Summary of RCTs based on treatment
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that consistently translates into measurably improved clinical 
outcomes, such as the FEV1, for patients with asthma, leading to 
improved disease management.

In addition, some ICS treatments were missed because RCTs pub-
lished only in the last 10 years were investigated [7]. For exam-
ple, Condemi et al. [79] and Lazarus et al. [80] both tested triam-
cinolone, an alternative ICS that was not evaluated in this review, 
since it fell outside the 10-year period. However, considering 
there have not been recent studies published on triamcinolone, 
and other ICS not included in the review, it can be inferred that 
they are no longer considered first-line ICS treatments due to 
more effective medications being available. Given that the goal 
of this review was to evaluate the most recent ICS treatments for 
patients with asthma, studies such as the ones on triamcinolone 
fall outside the scope of this paper. In future studies, it would be 
beneficial to also evaluate ICS in combination therapies as this 
is often the case in the clinical setting and thus would improve 
external validity. The risk of bias in the included RCTs for this re-
view also proved to be a potential limitation. Of the 37 studies 
included, only six had a low risk of bias, with the remaining stud-
ies either having an unclear or high risk of bias. Consequently, 
the results of these studies should be interpreted with caution.

Finally, given that this review investigated changes in sputum eo-
sinophilia as the primary outcome, we were limited on the popu-
lation of asthmatic patients that we could investigate. As previ-
ously discussed, in patients with non-eosinophilic asthma, we 
would not expect a significant reduction in sputum eosinophilia. 
As such, a potential option for this review would have been to 
focus strictly on eosinophilic asthmatics. However, most stud-
ies only reported mean baseline sputum eosinophil measures, 
and did not report on whether all patients were greater than the 
2.0% threshold. Thus, we used the mean baseline values as an 
indicator for the individual patients, but were aware that there 
may have been significant variation within the patient groups.

CONCLUSION

This study discussed the effects of ICS on sputum eosinophils 
in asthma patients; however, the clinical relevance is uncertain. 
There is insufficient evidence to suggest the superiority of one 
ICS treatment over another. Further research needs to be con-
ducted evaluating the relative impact of ICS products upon eo-
sinophil counts, as well as in clarifying what quantitative level 
of change in baseline eosinophil counts is required to observe 
a change in symptom improvement and disease control. Ideally, 
the further research in this field would include more high quality 
studies with low risk of bias in concordance with the Cochrane 
Risk of Bias Tool [11], and a meta-analysis of all trials evaluating 
ICS treatments. 
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Author (year)
Intervention 
group sample 

size

Mean 
Age

Asthma 
Severity

FEV1 % 
predicted 
at baseline

Dose (µg) Duration

Mean 
baseline 
eosino-

phil count

Mean 
change in 
eosinophil 

count

Risk of 
bias

Green et al. (2006)42 49 42 Persistent 74.8 200
800 4 weeks 2.8%

2.7%
-0.3%
-1.1% Unclear

Kelly et al. (2010)43 14 29 Mild, stable 82.2 400 11 days 2.5% -1.5% * Low

Hoshino et al. 
(2012)44 13 29

Mild to 
moderate, 
persistent

77.9 400 24 weeks 5.2% -0.6%* High

Basyigit et al. (2004)45 10 42 N/A 89.5 400 2 weeks 18.0% -9.0%* High
Hauber et al. (2006)46 9 35 Mild 90.2 800 4 weeks 9.7% -2.0%* Unclear
Barnes et al. (2007)47 38 45 Persistent 73.6 1600 4 weeks 0.5% +0.2% Unclear

Rytila et al. (2004)48 39 7 Mild, persis-
tent 90.9

800 
(4 weeks); 

400 
(20 weeks)

24 weeks 6.0% -4.0%* High

Menezes et al. 
(2008)49 10 43 Moderate to 

severe 81.2 800 9 weeks 8.2% -5.3% High

Perng et al. (2004)50 21 45 N/A 83.0 1200 6 weeks 16.8% -10.2%* Hight
Echevarria et al. 

(2011)51 33 26 Mild to 
severe 89.5 800 6 weeks 28.0% Decrease* High

Strauch et al. (2003)52 25 10 N/A 97.0 400-800 4 weeks 1.6% -0.6% Unclear
Maneechotes-uwan 

et al. (2010)53 25 52 Stable 85.5 200 8 weeks 12.5% -6.3%* Unclear

van Dalen et al. 
(2009)54 34 39 Mild to mod-

erate 89.5 400 6 weeks N/A Decrease* Unclear

Boulet et al. (2009)55 14 35 Mild 87.4

800 
(2 weeks); 

1600 
(1 week)

3 weeks 2.4% -1.4% Unclear

Maneechotes-uwan 
et al. (2007)56 12 38 Moderate, 

persistent 72.3 800 10 weeks 4.8% -4.5% Unclear

Table 2: Summary of Budesonide ICS RCTs

* Statistically Significant (p < 0.05); NS – Not significant; ICS – Inhaled corticosteroids; RCT – Randomized controlled trial; FEV1 – Forced expiratory 
volume in 1 second; µg – Microgram
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Author (year)
Intervention 
group sample 

size

Mean 
Age

Asthma 
Severity

FEV1 % 
predicted 
at baseline

Dose (µg) Duration

Mean 
baseline 
eosino-

phil count

Mean 
change in 
eosinophil 

count

Risk of 
bias

Belda et al. (2007)57 19 39 Moderate 69.0 4000 24 hours 13.0% -6.6% Low
Kawayama et al. 

(2008)58 11 27 Mild, stable 97.7 400 2 weeks 12.2% -4.8%* Unclear

Hoshino et al. 
(2009)59 14 43 Mild, 

persistent 87.0 200 8 weeks 5.1% -0.7% High

Hozawa et al. 
(2009)60 12 50 Stable 84.4 200/400/800 4 weeks 11.4% +0.7% High

Giannini et al. 
(2003)61 9 35

40 Stable 100.5
104.5

250
100 12 weeks 1.9%

3.3%
-0.3%
-2.0% Unclear

Kanazawa et al. 
(2007)62 15 36 N/A 90.5 400 12 weeks 12.1% -11.3%* High

Di Franco et al. 
(2006)63 18 43 N/A 90.1 1000 2 weeks 38.0% -35.0%* Unclear

Koopmans et al. 
(2006)64 27 32

Moderate to 
moderate, 
persistent

89.9 500 4 weeks 3.2% -2.4%* Unclear

Jayaram et al. 
(2005)65 18 35 Persistent 72.0 250 8 weeks 11.9% -10.2%* Unclear

Foresi et al. (2005)66 18
17

38
34 N/A 83.8

88.8
1000
200 6 weeks 16.4%

16.7%
-15.4%
-13.9% Unclear

Bacci et al. (2012)67 10 42 Mild to 
moderate 92.6 250 24 weeks <3.0% NS High

Hoshino et al. 
(2010)41 16 45 Mild, 

persistent 98.6 200 8 weeks 11.8% -1.0 High

Table 3: Summary of FP ICS RCTs

* Statistically Significant (p < 0.05); NS – Not significant; ICS – Inhaled corticosteroids; RCT – Randomized controlled trial; FEV1 – Forced expiratory volume in 
1 second; µg – Microgram
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Table 4: Summary of Ciclesonide ICS RCTs

* Statistically Significant (p < 0.05); NS – Not significant; ICS – Inhaled corticosteroids; RCT – Randomized controlled trial; FEV1 – Forced expiratory volume 
in 1 second; µg – Microgram

Author (year)
Intervention 
group sample 

size

Mean 
Age

Asthma 
Severity

FEV1 % 
predicted 
at baseline

Dose (µg) Duration

Mean 
baseline 

eosinophil 
count

Mean 
change in 
eosinophil 

count

Risk of 
bias

Wilson et al. (2006)68 8 22 Mild, 
persistent 69.0 160 4 weeks 6.0% -1.5%* Low

Gauvreau et al. 
(2005)69 22 33 Mild 97.7 40

80 5 days 9.0%
5.0%

6.3%
1.6% Unclear

Erin et al. (2008)70 21 26 Persstent 87.0 320
1280 1 weeks N/A

N/A
NS
NS Low

van den Berge et al. 
(2009)71 67 45 Stable 84.4 1600 2 weeks 0.9% -0.3%* Unclear

Duong et al. (2008)72 12
13

35
40 N/A 100.5

104.5
40/80

160/320 3 weeks 2.5%
3.3%

-0.9%
-2.1%* Unclear

Hoshino et al. 
(2010)41 14 36 Mild, 

persistent 90.5 200 8 weeks 12.2% -5.3%* High

Table 5: Summary of BD ICS RCTs

* Statistically Significant (p < 0.05); NS – Not significant; BD – Beclomethasone dipropionate; ICS – Inhaled corticosteroids; RCT – Randomized controlled 
trial; FEV1 – Forced expiratory volume in 1 second; µg – Microgram

Author (year)
Intervention 
group sample 

size

Mean 
Age

Asthma 
Severity

FEV1 % 
predicted 
at baseline

Dose (µg) Duration

Mean 
baseline 

eosinophil 
count

Mean 
change in 
eosinophil 

count

Risk of 
bias

Berry et al. (2007)76 12 42 N/A 90.3 400 8 weeks 11.0% -8.7%* Low

Nelson et al. (2009)77 11 38 Mild to 
moderate 74.0 400 12 weeks 2.5% -2.0% Low

* Statistically Significant (p < 0.05); NS – Not significant; BD – Beclomethasone dipropionate; ICS – Inhaled corticosteroids; RCT – Randomized controlled 
trial; FEV1 – Forced expiratory volume in 1 second; µg – Microgram

Table 6: Summary of Mometasone ICS RCTs

Author (year)
Intervention 
group sample 

size

Mean 
Age

Asthma 
Severity

FEV1 % 
predicted 
at baseline

Dose (µg) Duration

Mean 
baseline 

eosinophil 
count

Mean 
change in 
eosinophil 

count

Risk of 
bias

Negro et al. (2003)73 10
10

44
47

Mild to 
moderate

88.1
84.7

400
800 12 weeks 37.6%

44.4%
-3.2%

-26.1%* Unclear

Wang et al. (2005)74 19 42 Moderate to 
severe 52.4 1000 6 weeks 6.6% -2.56% High

Lazarus et al. (2007)75

44 
(non-smoker)

39 
(smoker)

29
29 Mild 80.2

78.1 320 8 weeks N/A
N/A

-2.74%*
-3.44%* Low


